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(54) Apparatus and method for mounting electronic components 



(57) In the invention, there is provided an apparatus 
for mounting electronic components in which one or a 
plurality of mounting heads (7) pick up electronic com- 
ponents (24) from a plurality of componentfeeding units 
(3) for mounting the electronic components on a print 
circuit board, with assured pick-up and holding of the 
electronic components (24). 

The component feeding units (3) do not always 
have an identical pick-up position (10) among ail the 
units (3) used in a mounting operation because of the 
variation in the manufacturing and the mounting of the 
units. The shift due to the variation along the direction 
of feeding, the Y direction, is corrected by moving the 
position of the nozzle (21) along the Y direction prefer- 
ably with a controlled rotation of the mounting head (7) 
around an horizontal axis using the nozzle selection mo- 
tor (22) for selecting the nozzle (21 ). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] The present invention relates to an apparatus 
and a method for mounting electronic components in 
which at least one mounting head pick up electronic 
components concurrently from a plurality of component 
feeding units for mounting the electronic components on 
a print circuit board. 

Prior art 

[0002] Such apparatus and methods for mounting 
electronic components are capable of reducing the cy- 
cle time of the mounting operation as a plurality of elec- 
tronic components are picked up by mounting heads 
from a plurality of component feeding units. Atypical ex- 
ample is described in a Japanese patent laid-open pub- 
lication No. Hei 7-154097. 

[0003] However, the component feeding units do not 
always have an identical pick-up position among all the 
units used in a mounting operation. Rather, there is a 
variation in such position along the direction of compo- 
nent feeding because the component feeding units are 
not always made identically and because the units are 
not necessarily mounted on the main body of the mount- 
ing apparatus with a good reproducibility. Thus, the po- 
sition of the suction nozzle relative to an electronic com- 
ponent at the time of picking up the electronic compo- 
nent is not sustained among the mounting operations. 
In some cases, this leads to a failure in picking up and 
holding the electronic component by the suction nozzle 
from a certain component feeding unit. This shortcom- 
ing is more pronounced when smaller electronic com- 
ponents are handled by the apparatus for mounting 
electronic components. For example, when so-called 
1 005 components having a size of 1 mm X 0.5 mm are 
handled by the apparatus, a shift, as small as 0.2 mm, 
of suction nozzle from a proper position relative to the 
electronic component for picking up the component can 
cause the failure in picking up and holding the electronic 
component. 

SUMMARY OF THE INVENTION 

[0004] The present invention involves apparatus and 
methods in which suction and holding of electronic com- 
ponents by a suction nozzle is secured at the time of 
picking up electronic components from a component 
feeding unit. 

[0005] In an embodiment of the present invention, 
there are provided an apparatus as well as a method for 
mounting electronic components in which at least one 
mounting head pick up electronic components from a 
plurality of component feeding units for mounting the 



electronic components on a print circuit board. The ap- 
paratus has a plurality of suction nozzles disposed on 
the mounting head in a radial configuration a means for 
rotating the mounting head around a horizontal axis 

5 thereof such that the suction nozzles rotate around the 
axis : and a means for moving the mounting head hori- 
zontally for picking up and mounting the electronic com- 
ponents. A control means is provided adapted to correct 
the inevitable bias shift of the suction nozzle relative to 

10 an electronic component from a proper position for pick- 
ing up the electronic component along a direction of 
component feeding of the component feeding unit by 
moving the suction nozzle. Preferably that is accom- 
plished by rotating the mounting head. Despite the in- 

15 vention will work with only one mounting head, there is 
preferably a plurality of mounting heads which pick up 
the electronic components concurrently. 
[0006] In other embodiment of the present invention, 
the bias shift is estimated from a predetermined number 

20 of pick-up procedures of the electronic component at an 
occasion of a production operation, such as a prepara- 
tory testing before a mounting operation, a start of a 
mounting operation, and a time in the middle of a mount- 
ing operation. The suction nozzle comes to a proper po- 

25 sition for picking up the electronic component by cor- 
recting the bias shift with a rotation of the mounting head 
around the horizontal axis after the predetermined 
number of pick-up procedures for estimating the bias 
shift. 

30 [0007] As the bias shift is relatively small in nature 
with a typical example being 0.2 mm as described 
above, a change in position of the suction nozzle by the 
rotation of the mounting head, not a horizontal move- 
ment of the mounting head, is enough to correct the 

35 shift. Thereby the suction nozzle securely picks up and 
holds the electronic component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0008] The present invention may be better under- 
stood, and its objectives, features and advantages may 
be made apparent to those skilled in the art, referencing 
the accompanying drawings. 

[0009] FIG.1 is a plan view of an apparatus for mount- 
45 ing electronic components as an embodiment of the 
present invention. 

[0010] FIG. 2 is a side view of the apparatus shown 
in FIG. 1 being viewed from the direction shown as B in 
the figure. 

50 [0011] FIG. 3 is to show an electronic component held 
by a suction nozzle, and a side view of the apparatus 
shown in FIG. 1 being viewed from the direction shown 
as A in the figure. 

[0012] FIG. 4 is a simplified side view of a mounting 
55 head in an embodiment of the present invention. 

[0013] FIG. 5 is a cross-sectional view of a mounting 
head and its related portions in an embodiment of the 
present invention. 
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[0014] FIG. 6 is a cross-sectional view of a mounting 
head to show the engagement of the suction nozzles to 
the nozzle holder in an embodiment of the present in- 
vention. 

[0015] FIG. 7 shows a cum and cum followers 5 
equipped in a mounting head in an embodiment of the 
present invention. 

[0016] FIG. 8 shows an observation camera and a 
component detecting sensor in an embodiment of the 
present invention. 10 
[0017] FIG. 9 shows an observation camera, and two 
sensors for detecting the presence and the length of the 
suction nozzle. 

[0018] FIG. 10 is to show an electronic component ob- 
served by an observation camera, and a side view of *5 
Iho apparatus shown in FIG. 1 being viewed from the 
direciion shown as A in the figure. 
[0019] FIG. 11 shows the status of the vacuum level 
and Ihe nozzle height as a function of the nozzle position 
of Iho mounting head. 20 
[0020] FIG. 1 2 is to conceptually show the correction 
of the bias shift along the Y direction when the electronic 
component is picked up by the suction nozzle. 

DETAILED DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

[0021] A few preferred embodiments of the present 
invention will be described in detail hereinafter in refer- 
ence to the above drawings. FIG 1 . is a plan view of an 30 
apparatus for mounting electronic components 1 of the 
present invention. There are provided on a base 2 of the 
apparatus 1 a plurality of component feeding units 3 for 
feeding various kinds of electronic components to a 
pick-up position 10, where the electronic components 35 
are picked up by suction nozzles as will be described 
later. In principal, one feeding unit 3 contains one type 
of electronic components, and feeds one component at 
one procedure of the mounting operation. There are al- 
so provided between the two groups of the component 40 
feeding units 3 facing to each other an incoming con- 
veyer 4, a portion for positioning 5, and an outgoing con- 
veyer 6. A print circuit board P is transported by the in- 
coming conveyer 4 from an upstream process to the por- 
tion for positioning 5, positioned by a positioning mech- 45 
anism not shown in the figure for the mounting of elec- 
tronic components at the portion for the positioning 5, 
and transported away to a downstream process by the 
outgoing conveyer 6. 

[0022] In FIG. 1, mounting heads are not shown for so 
the clarity of showing the structure of the apparatus for 
mounting electronic component underneath the mount- 
ing heads. The overall configuration is exemplified uti- 
lizing two mounting heads 7, although any number of 
mounting heads may be utilized. A configuration having 55 
two mounting heads 7 is shown in FIG. 2. As seen from 
the figure, the mounting heads 7 travel above the print 
circuit board P resting at the portion for positioning 5 and 
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the component feeding units 3. 

[0023] A beam 8 is placed in the X direction, and trav- 
els above the print circuit board P and the component 
feeding units 3, especially the pick-up positions of elec- 
tronic components thereof, along the Y direction on a 
guide 9. The pick-up positions of electronic components 
are linearly aligned along the X direction. A flexible ca- 
bleveyer is attached to the beam 8 for holding power 
cables and air tubes for the suction nozzles. 
[0024] As shown in FIG. 3, which is a view being 
viewed form the direction shown by the arrow A in FIG. 
1, the beam 8 has two X-moving units which move in- 
dependently on the guide 1 2 along the X direction, which 
is the longitudinal direction of the beam 8, driven by an 
X-axis linear motor 1 1 . For a viewing convenience, only 
one X-moving unit is shown in the figure. Each X-moving 
unit has a vertical-axis motor 14 for vertically moving a 
head block 1 5, thereby changing the vertical position of 
the mounting head 7. The head block has the mounting 
head 7 which can rotate along a vertical axis through 
bearings 17 driven by an angle correction motor 16. As 
shown conceptually in FIG. 4, the mounting head is dis- 
posed in a holder 1 9, which is mounted on a vertical axis 
portion 18, such that the head 7 and a hqrizontaUaxis 
component 20 can rotate together around a vertical axis 
driven by the angle correction motor 16. 
[0025] Thus, the two mounting heads 7 independently 
can move along the X direction, rotate around a vertical 
axis : move vertically, and move together along the Y di- 
rection. 

[0026] Now, the mounting head 7 will be described in 
more details in reference to FIG. 5, FIG. 6 and FIG. 7. 
The mounting head 7 includes the horizontal-axis por- 
tion 20, a nozzle fixture 26 for fixing suction nozzles 21 
thereon, and a nozzle holder 27 for housing the nozzle 
fixture 26. Each mounting head has six suction nozzles 
21 which are radially disposed around the fringe of the 
mounting head 7 with an interval of 60 degree. In a base 
configuration, all the six suction nozzles 21 fixed on a 
mounting head 7 are different, and selected for a use 
depending on the size of the component to be mounted 
on a print circuit board P. The number of the suction noz- 
zle 21 fixed on amounting head 7 is not confined to that 
of this embodiment, six. In other embodiments, this 
number can be larger or smallerthan six. In this config- 
uration, the mounting head 7 rotates around a horizontal 
axis driven by a nozzle selection motor 22, which is 
mounted on a holder 19, for moving a selected suction 
nozzle 21 down to a position for picking up an electronic 
component. 

[0027] Each suction nozzle 21 has a circular reflection 
plate 25 at the mid portion thereof and is fixed in a hollow 
nozzle fixture 26, which moves in a guiding space inside 
the horizontal-axis component 20, in an attachable and 
detachable fashion with an engagement portion 23. The 
nozzle holder 27 is pushed away from the horizontal- 
axis component 20 by a spring 28 inserted between the 
two members. A guide 31 and a rail 32 compose a linear 
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guide. When the horizontal-axis component 20 rotates, 
the rail 32 fixed on the nozzle holder 27 is guided by the 
guide 31 fixed on a guide fixture 30 of the horizontal- 
axis component 20. Thus, the cum follower 34 is guided 
along the inside surface of the cum 33 for changing the 
distance between the center of the cum 33 and the noz- 
zle holder 27 as well as the suction nozzle 21 . 
[0028] When the cum is locked by a locking mecha- 
nism, which will be described later, the nozzle 21 and 
the nozzle holder 27 rotates guided by the cum follower 
34, which is fixed on the fringe portion of the side wall 
of the nozzle holder 27 and pushed by the spring 28 
against the inside surface of the cum 33, which is placed 
around the horizontal-axis component 20 rotating 
through bearings 29 driven by the nozzle selection mo- 
tor 22. 

[0029] As shown in FIG. 5, when a suction nozzle 21 
selected for a mounting operation is brought down to the 
pick-up position of electronic component 1 0 by the ro- 
tation of the nozzle selection motor 22, an opening for 
connection 37 created at the end of the nozzle fixture 
26 is connected to the vacuum line 36 inside the hori- 
zontal-axis component 20 as the suction nozzle 21 
comes to the outer most position following the cum 33, 
the bottom inside surface of which is at the lowest level 
in this configuration. Furthermore, this configuration is 
secured as the cum follower 34 rests in a dent portion 
42 of the cum 33. 

[0030] In this configuration shown in FIG. 5, a vacuum 
circuit for picking up electronic component is formed by 
connecting the suction nozzle to a vacuum source not 
shown in the figure through the opening for connection 
37, the vacuum line 36, and main vacuum line 38. 
[0031] A sealing portion 39 for securing the vacuum 
system is made of rubber material. The locking mecha- 
nism consists of an air cylinder 40 and a rod 41 When 
the locking mechanism is activated; the air cylinder 40 
pushes the rod 41 into an opening of the cum 33 and 
the movement thereof is restrained while the horizontal- 
axis component 20 rotates through bearings 29, 35 driv- 
en by the nozzle selection motor 22. When the locking 
mechanism is not activated, the rod 41 stays out of the 
opening of the cum 33 and the horizontal-axis compo- 
nent 20 rotates with the cum 33 as the cum follower 34 
is forcibly pushed against the inside surface of the cum 
33 by the spring 28 for creating frictionai force enough 
to carry the cum 33. In the configuration where the lock- 
ing mechanism is off, the vacuum circuit for picking up 
electronic component formed by connecting the suction 
nozzle to the vacuum source through the opening for 
connection 37, the vacuum line 36, and main vacuum 
line 38 is sustained while the suction nozzle 21 rotates 
by 90 degree from the pick-up position of electronic 
components 1 0 to an observation position for electronic 
components, which will be later described. Thus, the 
suction nozzle does not loose the electronic component 
while it moves between the pick-up position 10 and the 
observation position. 



[0032] Although in this embodiment the locking mech- 
anism adopts an air cylinder 40 for inserting the rod 41 
into the opening of the cum 33, other pushing means 
such as a solenoid can also be adopted. 

5 [0033] The observation on the position of electronic 
components is performed by an observation camera 45, 
which is placed under the X-moving unit 13 through a 
fixture frame 46 with its optical axis being horizontally 
aligned, as shown in FIG. 3. The observation camera 

10 45 is placed under each X-moving unit 13 and moves 
with the mounting head 7 in accordance with the move- 
ment of the X-moving unit 13. The observation camera 
45 detects the shift of the suction nozzle relative to an 
electronic component 24 from a proper position for hold- 

15 ing the electronic component, in the X and Y directions 
as well as the rotation. The detected data is sent to a 
control means (CPU) which uses the data for continuing 
proper mounting operation. 

[0034] In some embodiments, various sensors are 
20 used as shown in FIG. 8 and FIG. 9. First, a pair of com- 
ponent detection sensors is placed on arms 47, which 
is fixed on both sides of the fixture frame 46 of the ob- 
servation camera 45. In FIG. 9, the one on the front is 
shown but another on the back is not shown. Whether 
25 the nozzle 21 holds an electronic component is judged 
by the transmission of a light beam between a light emit- 
ting device and a light receiving device, which compose 
a pair of component detection sensors 48. This type of 
component detection sensor will be termed as an optical 
30 sensor hereinafter. In this particular embodiment, the 
light beam passes through the location denoted by a 
black dot on the electronic component shown in FIG. 9, 
and the holding of the electronic component 24 by the 
suction nozzle 21 is conformed when the light reception 
35 device does not receive the light beam which is deflect- 
ed by the electronic component 24. 
[0035] The detection procedure described above is 
performed while the observation camera 45 observes 
the position of electronic component 24 held by the suc- 
40 tion nozzle 21 which moves to the position facing the 
observation camera 45 for observation by a 90 degree 
rotation of the mounting head 7 from the pick-up position 
10 for picking up the electronic component 24 from the 
component feeding unit 3. When it is confirmed by the 
45 optical sensor that the suction nozzle does not hold the 
electronic component 24, the control means (CPU) will 
discontinue the mounting operation for the electronic 
component 24. Though it is possible to detect the hold- 
ing of the electronic component 24 by the suction nozzle 
so 21 using the image of the component 24 obtained from 
the observation camera 45, the image processing forthe 
detection is complicated and thus the component detec- 
tion sensor is used as a convenient and practical detec- 
tion means. 

55 [0036] Secondly, a sensor is placed at a location de- 
noted by the black dot 49 in FIG. 9 for detecting the 
length of the suction nozzle 21 . This sensor is also an 
optical sensor having its beam passing through the 
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block dot 49. The objective for having this sensor is to 
detect a suction nozzle 21 which is erroneously placed 
in the mou nting head and has longer length than a prop- 
er nozzle. When such nozzle is placed in the mounting 
head 7, it deflects the light beam of the optical sensor 
and the sensor accordingly detects the erroneously 
placed suction nozzle 21 in the mounting head 7. Then, 
the control means (CPU) informs the operator of the er- 
ror in selecting the suction nozzle 21 using an alarming 
means. This detection procedure is performed before 
the actual mounting operation of the electronic compo- 
nent 24. Typically, the procedure is performed at the 
time of system activation and changing the suction noz- 
zle 21. 

[0037] Though this sensor is not shown in the figures, 
it is placed on arms 47, which is fixed on both sides of 
the fixture frame 46 of the observation camera 45 as is 
the case with the component detection sensor 48 shown 
in FIG. 8. 

[0038] Thirdly, a sensor is placed at a location denot- 
ed by the black dot 50 in FIG. 9 for detecting the suction 
nozzle 21 . The sensor is located at the bottom of the 
mounting head 7 because this position is suitable for de- 
tecting the suction nozzle 21 ready for picking up the 
electronic component 24. This sensor is also an optical 
sensor having its beam passing through the block dot 
50. Though this sensor is not shown in the figures either, 
it is placed on arms 47, which is fixed on both sides of 
the fixture frame 46 of the observation camera 45 again 
as is the case with the component detection sensor 48 
shown in FIG. 8. This detection procedure is not per- 
formed during regular pick-up procedure for picking up 
the electronic component 24, but performed after a new 
suction nozzle 21, which is not identical to any suction 
nozzle 21 already placed in the mounting head 7, re- 
places a suction nozzles 21 in the mounting head 7. The 
suction nozzles which are not used are stored in a noz- 
zle stocker 51 shown in FIG. 1, and picked up by the 
mounting head 7 for use when the replacement is need- 
ed. 

[0039] The objective for having this sensor is to pre- 
vent such an event that the mounting head 7 unneces- 
sarily descends to the nozzle stocker 51 for changing a 
suction nozzle 21 when a required suction nozzle 21 is 
already placed in the mounting head 7 and the appara- 
tus main body 1 fails to recognize the change of the suc- 
tion nozzles 21. For example, if an operator manually 
replaces one of the suction nozzles 21 of the mounting 
head 7 with a newone, orplaces a new one in an unused 
nozzle holder of the mounting head 7, the apparatus 
main body fails to recognize such change and assumes 
that the new nozzle is not yet placed in the mounting 
head 7. However, the unnecessary procedure for auto- 
matically changing the suction nozzle 21 , which is al- 
ready in place manually, is avoided when the detection 
sensor is provided for detecting the suction nozzle 21 
placed in the mounting head 7. Thus, it is possible to 
prevent such an event that the mounting head 7 unnec- 



essarily descends to the nozzle stocker 51 for changing 
a suction nozzle 21 when a required suction nozzle 21 
is already placed in the mounting head 7. 
[0040] In other embodiment, a line sensor can be 

5 used in place of the component detection sensor 48 in 
FIG. 8. Such line sensor does not only detect the pres- 
ence of the component, but also judges whether the 
component is held by the suction nozzle 21 in a proper 
posture. An example of such line sensor is described in 

10 United Stats Patent No. 5, 539, 977. 

[0041] Based on the configurations described above, 
the procedures of the mounting operation with the ap- 
paratus of the present invention will be described here- 
inafter. 

15 [0042] First, a print circuit board P is transported to 
the incoming conveyer 4 from an upstream apparatus 
by another conveyer not shown in figures, then trans- 
ported to the portion for positioning 5 by the incoming 
conveyer 4, and positioned for mounting electronic com- 
20 ponents by a positioning means. 

[0043] Then, the suction nozzle 21 picks up a proper 
electronic component 24 from a proper component 
feeding unit 3 by the sucking mechanism of the suction 
nozzle 21 based on a set of data for mounting including 
25 the X and Y coordinates of the location for mounting on 
the print circuit board P, a rotation angle around a verti- 
cal axis for mounting, and the type of the component to 
be mounted. During this procedure, the two mounting 
heads 7 operate independently and concurrently for 
30 picking up the electronic components 24. 

[0044] The two mounting heads 7 move independent- 
ly and concurrently to the positions above the proper 
component feeding units 3 containing the proper elec- 
tronic components 24 for the mounting operation. The 
35 two X-moving units 13 having the mounting heads 7 si- 
multaneously move along the Y direction on the beam 
traveling on a pair of guides 9, and independently move 
along the X direction on the guide 12 driven by the X- 
axis linear motor 11. 
40 [0045] At this point, the component feeding units 3 
have already fed the proper electronic components to 
the pick-up position of electronic components 10. The 
mounting head 7 rotates and the suction nozzle 21 
needed for the mounting operation comes to the bottom 
45 of the mounting head 7 facing downward to the electron- 
ic component to be picked up. During the rotation, the 
locking mechanism is activated, and the nozzle 21 ro- 
tates guided by the cum follower 34, which is fixed on 
the fringe portion of the side wall of the nozzle holder 27 
50 and pushed by the spring 28 against the inside surface 
of the cum 33, which is placed around the horizontal- 
axis component 20 rotating through bearings 29 driven 
by the nozzle selection motor 22. Furthermore, this 
downward position of the suction nozzle 21 is secured 
55 as the cum follower rests in the dent portion 42. This 
configuration, as shown in FIG. 5, forms a vacuum cir- 
cuit for picking up electronic component by connecting 
the suction nozzle 21 to a vacuum source through the 
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opening for connection 37 created at the top end of the 
hollow nozzle fixture 26, the vacuum line 36, and the 
main vacuum line 38. Then, the suction nozzle 21 de- 
scends to the electronic component with the lowering of 
the head block 15 driven by the vertical-axis motor 14, 
and picks up the component by the sucking mechanism 
of the suction nozzle 21 using the vacuum line. 
[0046] After picking up the components, the two 
mounting heads 7 ascend away from the component 
feeding unit 3 driven by the vertical-axis motor 14, and 
move to the position above the print circuit board P. 
Again, the two X -moving units 13 having the mounting 
heads 7 simultaneously move along the Y direction on 
the beam traveling on the pair of guides 9, and inde- 
pendently move along the X direction on the guide 12 
driven by the X-axis linear motor 11 . During the travel to 
the print circuit board P, the mounting heads 7 rotate to 
the position for observing electronic components by 90 
degree and the observation camera 45 detects the shift 
of the suction nozzle relative to the electronic compo- 
nent 24 from a proper position for holding the electronic 
component, in the X and Y directions as well as the ro- 
tation. The reference points of the shift measurement, 
in this embodiment, are the center of the suction nozzle 
21 and the center of the electronic component 24, and 
the proper holding is achieved when the center of the 
nozzle 21 is at the center of the electronic component 
24. The calculation for enumerating the shift based on 
the imaging by the observation camera 45 is performed 
by the CPU not shown in the figure. During the imaging 
of the electronic components 24, the components are 
illuminated by the light coming from a light source and 
then reflected on the reflection plate. 
[0047] When the suction nozzle 21 holding the elec- 
tronic component rotates to the position for the obser- 
vatio n by the observation camera 45 being driven by the 
nozzle selection motor 22, the locking mechanism is not 
activated and the rod 41 stays out of the opening of the 
cum 33. Thus, the horizontal-axis component 20 rotates 
with the cum 33 as the cum follower 34 is forcibly pushed 
against the inside surface of the cum 33 by the spring 
28 for creating frictionaf force enough to carry the cum 
33. In this configuration, the vacuum circuit for picking 
up electronic component formed by connecting the suc- 
tion nozzle to the vacuum source through the opening 
for connection 37, the vacuum line 36, the main vacuum 
line 38, and a switching bulb connecting to the vacuum 
source (not shown in the figure) is sustained while the 
suction nozzle 21 rotates by 90 degree from the down- 
ward position to the observation position for electronic 
components. A sequence of the suction nozzle 21 op- 
eration in an embodiment of the present invention is 
shown in FIG. 11 . 

[0048] In the mean time, the detection of the electron- 
ic component is performed by the component detection 
sensor 48 while the observation camera 45 observes 
the position of electronic component 24 held by the suc- 
tion nozzle 21 which moves to the position facing the 



observation camera 24 for observation by a 90 degree 
rotation of the mounting head 7 from the downward po- 
sition 1 0. When it is confirmed by the optical sensor that 
the suction nozzle does not hold the electronic compo- 

5 nent 24, the control means (CPU) will discontinue the 
mounting operation for the electronic component 24. 
[0049] Also during the travel to the print circuit board 
P, after the observation procedure the suction nozzles 
rotate 21 , by 90 degrees, back to the downward position 

10 driven reversely by the nozzle selection motor 22. Then, 
the result of the observation of the position of the elec- 
tronic component held by the suction nozzle 21 is used, 
by the control means (CPU) for adjusting the posture of 
the component. The deviation from the proper position 

15 for mounting in Y direction is compensated by properly 
moving the beam 8 along the Y direction, and that in X 
direction is compensated by properly moving the X- 
moving unit using the X-axis linear motor 11 in the X 
direction . The rotational deviation around the vertical ax- 

20 is is compensated by rotating the mounting head 7 using 
the angle correction motor 16. 

[0050] After the adjustment on the position of one of 
the two electronic components 24, the suction nozzle 
21 having the same electronic component 24 comes 
25 down to a position for mounting as the head block 15 
descends driven by the vertical-axis motor 14, and the 
electronic component 24 is mounted on the print circuit 
board P. Then, the head block 15 ascends with the suc- 
tion nozzle 21 without any component away from the 
30 print circuit board P, and another electronic component 
24 is mounted on the print circuit board P after the po- 
sition of the component is adjusted, especially including 
the position along the Y direction which may be different 
from that of the first component. 
35 [0051] The aforementioned mounting procedure is re- 
peated a number of times in a typical mounting opera- 
tion. In an embodiment of the present invention, the re- 
sults of the first three observations on the position of an 
electronic component 24 picked up from a same com- 
40 ponent feeding unit 3 are stored in a memory means, 
and used by the control means (CPU) to calculate the 
average bias shift of the suction nozzle relative to the 
electronic component from a proper position for picking 
up the electronic component. In the mounting procedu re 
45 on the same electronic component 24 afterthe bias shift 
is thus calculated, the average bias shift along the di- 
rection of component feeding of the component feeding 
unit 3 (Y direction in FIG. 1) is corrected by rotating the 
mounting head when the suction nozzle picks up the 
50 electronic component from the same component feed- 
ing unit 3. 

[0052] The component feeding units do not always 
have an identical pick-up position among all the units 
used in a mounting operation. Rather, there is a variation 
55 in such position along the direction of component feed- 
ing because the component feeding units are not always 
made identically and because the units are not neces- 
sarily mounted on the main body of the mounting appa- 
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ratus with a good reproducibility. The fact that the elec- 
tronic component may be stored in a varying positioning 
within a compartment of a tape containing the electronic 
components also gives rise to this variation. This causes 
a need for correcting the bias shift for each of the com- 
ponent feeding unit 3. This correction is made, as shown 
in FIG. 12, by changing the position of the suction . nozzle 

21 along. the Y . direction by rotating the mounting head 
7 by a small amount using the nozzle selection motor 

22 when the nozzle 21 picks up the electronic compo- 
nent 24. This adjustment makes it certain that the suc- 
tion nozzle 21 approaches the middle portion of the elec- 
tronic componentforthe properholding thereof. This ap- 
proach is especially effective when the electronic com- 
ponent to be picked up is as small as so-called 1005 
components (1 mm X 0.5 mm). As far as the adjustment 
scheme with the two-mounting heads 7 apparatus, the 
rotations of the two mounting heads 7 can be adjusted 
together, or only one of the two can be adjusted with 
another being fixed at a constant position. In the later 
case, the shift along the Y direction of the electronic 
component picked up by the constant-position mounting 
head 7 is corrected by the movement of the beam along 
the Y direction. 

[0053] When a suction nozzle 21 which is not placed 
in the mounting head 7 is needed for the mounting op- 
eration, the mounting head 7 moves to the position 
above the nozzle stocker 51 on the base 2. Then, the 
mounting head 7 finds a slot within the nozzle stocker 
51 not occupied by a suction nozzle 21 , descends to the 
slot, disengage the nozzle 21 to be replaced from the 
nozzle fixture 26, and put the nozzle 21 back to the noz- 
zle stocker 51 . For obtaining the new suction nozzle 21 , 
the mounting head 7 ascends, moves to the position 
above the new nozzle 21 required in the mounting op- 
eration, descends to the nozzle 21 , and engage the noz- 
zle 21 with the nozzle fixture 26. Then, the mounting 
head 7 ascends, and continues the mounting operation. 
[0054] . Before the first mounting procedure on the 
electronic component 24, which has required the chang- 
ing of the suction nozzle 21 , the length of the new suc- 
tion nozzle 21 is examined by the optical sensor placed 
at the position denoted by the black dot 49 in FIG. 9. 
When a longer suction nozzle 21 than the one required 
is placed in the mounting head 7 by mistake, the nozzle 
21 deflects the light beam coming from the light emitting 
device and the light receiving device detects such an 
error by not receiving the light beam. After the detection 
by the optical sensor, the control means (CPU) informs 
the operator of the error in selecting the suction nozzle 
21 using an alarming means. 

[0055] Then, the new suction nozzle 21, which is 
placed jn the mounting head 7 after a regular replace- 
ment procedure or after the detection of the selection 
error, rotates to the downward position forpicking up the 
electronic component 24. At this position, the other op- 
tical sensor placed at the position denoted by the black 
dot 50 in FIG. 9 detects the suction nozzle 21 . Even 



when the new nozzle is placed in the mounting head 7 
manually and the apparatus main body 1 does not rec- 
ognize the event the presence of the suction nozzle 21 
is recognized by the sensor and the unnecessary pro- 
5 cedure for automatically changing the suction nozzle 21 , 
such as descending the mounting head 7 again to the 
nozzle stocker 51 , is avoided. 

[0056] In the aforementioned embodiments, one 
mounting head 7 picks up only one electronic compo- 

10 nent 24 in a single mounting procedure. I n other embod- 
iment, one mounting head 7 picks up a plurality of elec- 
tronic components 24 using corresponding number of 
the suction nozzles 21 , transports the electronic com- 
ponents 24, and mounts the electronic components 24 

15 on the print circuit board P in a single mounting proce- 
dure. This can be achieved by providing each suction 
nozzle 21 with the switching bulb for con necting the vac- 
uum line to the vacuum source, and assuring the simul- 
taneous connection of all the vacu um lines of Lhe section 

20 nozzles to the vacuum source. 

[0057] Although the mechanical configuration of this 
embodiment is similar to that of the aforementioned em- 
bodiments, the operation program is altered to accom- 
modate the following change in the operational se- 

25 quence. Firstly, after one suction nozzle 21 of a mount- 
ing head 7 picks up an electronic component 24, the 
mounting head 7 ascends and rotates for moving other 
suction nozzle 21 to the downward position for the pick- 
up. Then, the mounting head 7 moves to the position 

30 above other feeding unit 3, and descends for picking up 
othertype of electronic component from the feeding unit 
3. This pick-up procedure can be repeated as many 
times as the number of the nozzles 21 in the mounting 
head 7. 

35 [0058] Secondly, while the mounting heads 7 carrying 
a plurality of the electronic components moves to the 
position above the print circuit board P, the mounting 
head 7 rotates so that each electronic component 24 
comes to the position for the observation by the obser- 
ve vation camera 45. Each electronic component 24, turn 
by turn, stops at the position and has the position of the 
nozzle 21 relative to the component 24 observed by the 
observation camera 45. This observation can be per- 
formed during the pick-up procedure, if one of the elec- 
ts tronic components 24 already picked up by a nozzle 
happens to face the observation camera 45 while other 
electronic component 24 is being picked up by other 
nozzle. 

[0059] Thirdly, the mounting on the print circuit board 
50 p is performed on the electronic components 24 held by 
the mounting heads 7 starting from the electronic com- 
ponent 24 held by a suction nozzle 21 which is already 
at the downward position for the mounting. Before the 
mounting, however, the deviation from the proper posi- 
55 tion for mounting, which is observed by the observation 
camera 45, is compensated. The deviation in Y direction 
is compensated by properly moving the beam 8, and 
that in X direction is compensated by properly moving 
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the X-moving unit. The rotational deviation is compen- 
sated by rotating the mounting head 7 using the angle 
correction motor 1 6. Then, the mounting head 7 moves 
to the position for other mounting, and mounts other 
electronic component 24 on the print circuit board P after 
the positional deviations are compensated. The other 
remaining electronic components 24 still held by the 
mounting head 7 are mounted, turn by turn, in the same 
manner. 

[0060] In the aforementioned embodiments, the bias 
shift of the suction nozzle relative to an electronic com- 
ponent is calculated after the first three mounting pro- 
cedures on the same electronic component, and then 
the result is used in the fourth or later mounting proce- 
dure in which the mounting head rotates to correct the 
bias shift along the feeding direction. In other embodi- 
ment, the number of the mounting procedures to calcu- 
late the bias shift is lower or higher than three. In yet 
other embodiment, the bias shift is estimated during a 
preparatory testing before a mounting operation, and 
the result is used in the subsequent mounting operation 
for securely picking up and holding the electronic com- 
ponents. Furthermore, the mounting operation can start 
using the bias shift, which is obtained at the preparatory 
testing or after the first few mounting procedures, and 
then during the course of the mounting operation the bi- 
as shift can be calculated again based on the data gath- 
ered from a certain number of the mounting procedures 
and used for further improving the secure pick-up and 
holding of the electronic components. 
[O061] In the aforementioned embodiments, the 
mounting head is aligned in parallel with the Y direction, 
which is the direction of the component feeding, and ro- 
tates around a horizontal axis in parallel with the X di- 
rection, which is the direction of print circuit board trans- 
portation. However, the present invention is not confined 
to this configuration. For example, the axis of the rota- 
tion of the mounting head can be inclined with respect 
to the X direction. More specifically, the rotation axis can 
stay within the plane perpendicular to the Y direction and 
be inclined with respect to the X direction. 
[0062] While the invention has been described and il- 
lustrated with respect to a few embodiments, it will be 
understood by those skilled in the art that various other 
changes and modifications may be made without de- 
parting from the spirit and scope of the invention. All 
such modifications are intended for inclusion within the 
scope of the following claims. 
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board, the apparatus comprising: 

a plurality of suction nozzles (21) disposed on 
the mounting head (7) in a radial configuration; 

means for rotating (22) the mounting head (7) 
around a horizontal axis thereof such that the 
suction nozzles (21) rotate around said axis; 

means (8, 11 , 12) for moving the mounting head 
(7) horizontally for picking up and mounting the 
electronic components (24); 

control means adapted to correct a bias shift of 
the suction nozzle (21 ) relative to the electronic 
component (24) from a proper position for pick- 
ing up (1 0) the electronic component (24) along 
a direction of component feeding of the compo- 
nent feeding unit (3) by moving the suction noz- 
zle (21). 

An apparatus for mounting electronic components 
according to claim 1 , wherein the control means are 
designed to correct the bias shift by rotating the 
mounting head (7). 

An apparatus for mounting electronic components 
according to claim 1 or 2, wherein a plurality of 
mounting heads (7) picking up the electronic com- 
ponents (24) concurrently is provided. 

An apparatus for mounting electronic components 
according to any preceding claim, wherein said bias 
shift is estimated from a predetermined number of 
pick-up procedures of the electronic component 
(24) by the suction nozzle (21) at an occasion of a 
production operation. 

An apparatus for mounting electronic components 
according to claim 3, wherein said occasion during 
a production operation for estimating the bias shift 
is a preparatory testing before a mounting opera- 
tion, a start of a mounting operation, or a time in the 
middle of a mounting operation. 

An apparatus for mounting electronic components 
according any preceding claim, wherein an obser- 
vation means (45) adapted to detect said bias shift 
is provided. 



Claims 



An apparatus for mounting electronic components 
having a plurality of component feeding units (3) 
and at least one mounting head (7), said mounting 
head (7) picking up electronic components (24) 
from the component feeding units (3) for mounting 
the electronic components (24) on a print circuit 



7. A method of mounting electronic components in 
which at least one mounting head (7) picks up elec- 
tronic components (24) from a plurality of compo- 
nent feeding units (3) for mounting the electronic 
55 components on a print circuit board, the method 
comprising: 

moving the mounting head (7) horizontally for 
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picking up and mounting the electronic compo- 
nents (24); 

rotating the mounting head (7) around a hori- 
zontal axis thereof for picking up the electronic 5 
components (24), said mounting head (7) hav- 
ing a plurality of suction nozzles (21) disposed 
thereon in a radial configuration; 

wherein a bias shift of the suction nozzle (21) 10 
relative to the electronic component (24) from 
a proper position for picking up (1 0) the elec- 
tronic component (24) is corrected along a di- 
rection of component feeding of the component 
feeding unit (3) by moving the suction nozzle 15 
(21). 

8. A method of mounting electronic components ac- 
cording to claim 7, wherein said moving of the suc- 
tion nozzle (21) is accomplished by rotating the 20 
mounting head (7). 

9. A method of mounting electronic components ac- 
cording to claim 7 or 8, wherein said bias shift is 
estimated from a predetermined number of pick-up 25 
procedures of the electronic component (24) by the 
suction nozzle (21) at an occasion of a production 
operation. 

10. A method of mounting electronic components ac- 
cording to claim 9, wherein said occasion during a 
production operation for estimating the bias shift is 
a preparatory testing before a mounting operation, 
a start of a mounting operation, or a time in the mid- 
dle of a mounting operation. 

11. A method of mounting electronic components ac- 
cording any of the claims 7-10, wherein a plurality 
of mounting heads (7) pick up electronic compo- 
nents (24) concurrently. 40 
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(57) In the invention, there is provided an apparatus 
for mounting electronic components in which one or a 
plurality of mounting heads (7) pick up electronic com- 
ponents (24) from a plurality of componentfeeding units 
(3) for mounting the electronic components on a print 
circuit board, with assured pick-up and holding of the 
electronic components (24). 

The component feeding units (3) do not always 
have an identical pick-up position (10) among all the 
units (3) used in a mounting operation because of the 
variation in the manufacturing and the mounting of the 
units. The shift due to the variation along the direction 
of feeding, the Y direction, is corrected by moving the 
position of the nozzle (21) along the Y direction prefer- 
ably with a controlled rotation of the mounting head (7) 
around an horizontal axis using the nozzle selection mo- 
tor (22) for selecting the nozzle (21). 
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